INTRODUCTION
Uranium in carnotite was first reported in FaH River County, South Dakota in 1951 (Page and Redden, 1952) . Since this discovery numerous economic deposits have been found and uranium ore has been shipped from more than 50 locations in Fall River County alone. Most of the ore is in small deposits but a few claims have yielded as much as a thousand tons or more. The ore deposits are confined to the Fall River and Lakota formations in the Inyan Kara group of Early Cretaceous age (Bell and Bales, 1955) .
Studies of prospecting guides -which, might be useful in delineating additional areas containing uranium were undertaken soon after the original discovery. As geobotanieal methods had been successfully used to detect uranium anomalies in other areas by Cannon (1953) and Gilbert (195&) , it seemed advisable to investigate geobotanical and other methods as prospecting guides in the southern Black Hills area# Some preliminary -work showed that significant amounts of uranium were present in the soil and warranted more detailed study of both plants and soils as prospecting guides.
Areas of known mineralization, figure 1, were chosen and soil and plant samples were collected and analyzed for their uranium content* Radioactivity measurements were also made. Of prime importance, however, This Inyan Kara group has been described by Rubey (19J1) as " ... an extremely variable group consisting of discontinuous beds of sandstone, sandy shales, conglomerate, lignite, and variegated siltstone." Because of this variability it is difficult to distinguish these three formations everywhere from each other. These rocks form a broadly exposed belt about 5 miles wide in the southern part of the area.
The Lakota sandstone is described as being from TO to ^85 feet thick, composed of coarse-grained, hard crossbedded sandstone with conglomerate at the base, and colored mostly buff to gray.
The Fuson shale is a finer clastic "phase" in the Inyan Kara group between the Fall River and Lakota sandstones. It is reportedly from 30 to 188 feet thick and consists of massive gray to purple shale or clay.
The uppermost formation of the Inyan Kara group is the Fall River sandstone. This formation is from 25 to 200 feet thick and consists of massive sandstone near the base and thin-bedded sandstone near the top of the formation. The Inyan Kara group directly under^CS the investigated areas.
Carnotite and tyuyamunite have "been the most conspicuous and important minerals in the area. Other minerals found include uraninite, " corrusite, rauvite, hewettite, and autunite. Corrusite is an important mineral of the larger and richer deposits -where the Fall Biver and Lakota formations are thinly "bedded sandstones and mudstones.
Sampling localities for plants and soils were all in Fall River County, S. Dak. at the Lion 1 and Lion 4 claims in sec, 10, T. 8 S*, R* 3 E», arid.
Pabst 3 claim in sec* 12, T 0 8 S», R. 3 E., as shown on figure !" The locations of plant samples are shown "by letters and the locations of soil samples and radioactivity stations are shown "by numbers in figures 2 and 3«
OCCURRENCE OF PLAITS MD SOILS

Plants
The vegetation in the areas chosen for this study can be placed in two main groups. Conifer trees (Pinus ponderosa and Juniperus Yirginiana) dominate the sloping areas and are believed to be the best source of geobotanical samples on sloping terrain. Their roots may penetrate mineralized ground not detected by surface observations or physical
•measurements, They were found on only part of the areas studied. The other group consists of herbs and shrubs which grow mainly on relatively flat areas. Their stalks and leaves grow closer to the ground and are probably more subject to wind-blown contamination than are tree samples.
Ho one plant was common enough for sampling on a grid pattern.
Soils
The soils in the southern Black Hills are brown with a slight darkening of the upper part corresponding to the A zone* They are without a B zone but have indistinct A and C zones. This thin soil cover is found over most of the area and can be sampled on a grid system. Although the pH of the soils analyzed ranged from 4.9 to 8.5, the median pH was 6.7. Over 80 percent of these soils ranged in pH from 6.0 to 7.5. These soils contrast with the sediments in the area that are more alkaline and have a measured pH ranging from 6«9 "to 9«^
with a median pH of 7»9»
These soils have two natural sources of uraniums (l) subjacent rock and (2) the decomposition of plants whose roots have brought up uranium from slightly greater depths than the adjacent underlying rocks;
however, most of the uranium in plants is probably derived from soil and less from sources beneath the soil.
Soils were not only present wherever plants grew but were also where many species did not grow.
PREPARATION AND ANALYSES OF PLANTS AND SOIIB
Plants
Trees were sampled by taking needles at intervals at about shoulder height from 8 to 10 different places around the tree. Low growing plants were sampled by taking the aboveground portion as a sample. Where the plants were too small to provide sufficient material for analysis, several of the same plant species growing close together were gathered and composited* All plant samples were -washed with distilled -water as soon as possible after arrival at the laboratory. They were then dried at 6*0° C in an oven, ground to about 20 mesh, redried and a portion ashed at 550° to 600 C«
The ash was thoroughly mixed, placed in a stoppered vial, and reserved for analysis,.
Weighed portions of the plant ashes were transferred to a volumetric flask and digested with dilute nitric acid. The acidity and volume of this solution were finally adjusted to 7 percent nitric acid and portions taken for uranium determination by the ethyl acetate extraction and fluorimetric method described "by Grimaldi, May, and Fletcher (1952) .
Soils
Soil samples were collected chiefly from the "base of the A zone of the soil and consisted of 100 to 150 grams of soil freed of all +20 mesh material. Samples were collected on a 100-foot grid pattern from approximately 300,000 square feet at the Lion k area ( fig. 2 ) and approximately 1,000,000 square feet at the Pabst 3 area ( fig. 3 ). Other soil samples were collected from the base of selected pine trees.
Soil samples were dried upon receipt in the laboratory. Most were then ground in a disk pulverizer to pass an 80-mesh sieve. The sample passing the 80-mesh sieve was thoroughly mixed and reserved for analysis.
Some of the soil samples were selected for a special study and were not ground but were disaggregated and sieved into fractions for a special part of this study.. Generally uranium analyses of soil are mete by •weighing the sample and roasting it in an iron crucible to remote all organic matter and to decompose partially the metal sulfides. The sample is then fused with sodium hydroxide •which breaks up the silicates. This fused mass is digested in -water and transferred to a volumetric flask* Its acidity, by volume, is adjusted to 7 percent nitric acid at the determined volume* An aliquot of this solution is analyzed for uranium by the method described by Grimaldi, May, and Fleteher (1952) . This method gives total uranium in the samples because the silicates are completely decomposed* A more rapid procedure has been used extensively in the analyses of phosphate rocks (Grimaldi, May, and Fletcher, 1952 ). This procedure is as follows; a weighed sample of 1.0 to 2.0 grams of soil is transferred to a volumetric flask of 100 ml capacity, 20 ml of 1 + 1 nitric acid is added, and the contents are then cooled. The solution is diluted to volume and shaken to insure uniformity. After complete settling a 5*0 ml aliquot is pipetted from the solution and analyzed for uranium by the ethyl acetate extraction method.
Ten soil samples were selected and their -uranium contents determined by the standard sodium hydroxide .fusion and nitric acid digestion methods.
The results are compared in table 1. The sodium hydroxide fusion method gave higher uranium contents for all but one of the samples* The uranium contents ranged from 2 to ik parts per million with the aTerage obtained by the rapid method being about 35 percent (1.7 PP&) less than the average by the sodium hydroxide fusion method,, nevertheless, nitric acid digestion of the soil extracts uranium in sufficient amounts to define anomalous areas and also has the advantage that samples can be analyzed in less time than is possible by the sodium hydroxide fusion method,. All uranium analyses of soils used in this comparative study were determined by the rapid nitric acid digestion method* They are given in the appendix. 
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The field radioactivity shorn should not be construed as entirely representing the uranium content of the soil, because cosmic radiation, variation in atmospheric radon due to "weather, variation in instruments, and radiation from nuclides other than uranium affect the instrument. The uranium content of the ashes of 1^ plants ranged from. 0.7 to 11. ppm,
The data are given in table 2 together with the uranium contents and radioactivity of nearby soil. The uranium content of plant ashes from localities E, K, M, 0, and Q was greater than 2.0 ppm and may be considered anomalous for this area. 2/ Arithmetic mean of 2 soil samples near plants.
3/ Arithmetic mean of k-soil samples around tree.
J Arithmetic mean of 13 samples.
5/ Arithmetic mean of ik samples,,
6J Arithmetic mean of 8 soil samples around tree. Therefore, soils are preferred to plants in the area studied, because soils are generally available; they can be sampled on a grid pattern and can be prepared and analyzed more readily than plant samples. A similar conclusion was reported by Debnam (1955) after an extensive investigation of the relative merits of plants and soils as prospecting guides for uranium in Australia. He stated "... that biogeochemical methods were found to compare unfavorably with geoehemical methods."
STUDIES OF PARTICU SIZE
Because most of the uranium in soils of the area -was known to be of secondary origin, the finer soil materials such as clays and organic matter might contain more uranium than the coarser fraction. Therefore, tests were made to determine the extent of "upgrading" to be gained by analyzing only the finer fractions.
Ten samples were disaggregated and sieved into the following fractions; +20 mesh, -20+100, -100f2QQ, -200+325, and -325 mesh. The +20 mesh fraction was discarded because it was chiefly very coarse sand* The -20+100 fraction was divided equally into two parts, one part was ground in an agate mortar until it all passed through a 3^5 mesh sieve, and the other part was analyzed without grinding. All the soil fractions from each of the ten samples were analyzed for uranium B
The percentage composition by weight (sieve analysis) and the uranium content of each fraction are given in tables 3 and %, Table 3 shows that the ten samples averaged 69*2, l4«5, 9«?» and 6 0 6 percent in the following particle sizes; -20+100, -100+200, -200+325, and -325 mesh, respectively, although the differences between samples with regard to particle size was large. Table k gives the uranium content for each sieve fraction for the ten soils. In general the finer fractions contained more uranium than the coarser fraction, particularly for the samples containing uranium in the range 1 to Ik ppm0 However, when calculated to a weighted average basis, these samples containing the least uranium, show that 30.2, 39*9? 17*3, and 12,6 percent of the uranium was distributed to the -20+100, -100+200, 14. <*. Kennedy (1952) , working with lead, zinc, and copper, showed that the percentages of these metals found increased as the particle size decreased until the particle size ranged from 0.06l to 0.117 mm (about -150+250 mesh).
CONCLUSIONS
Plant zoning is based chiefly on difference in the slope of the ground; conifer trees grow mostly on the steeper slopes, and grasses and herbs grow on more flat-lying ground. Consequently, no one plant species was common enough for widespread sampling.
The rapid nitric acid digestion method for determination of the uranium in soils generally gives low values compared to the sodium hydroxide fusion treatment. The values are adequate, however, for delineation of anomalous areas.
The minus IQQ-mesh fraction of soil was found to contain more uranium than the coarser fraction and might be a means of up-grading the uranium content of soils for reconnaissance investigations.
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The use of soil instead of plants is recommended for detecting uranium anomalies in the area studied because of wider coverage by soils, lower cost of analyses and greater speed in collecting and analyzing soil samples.
However, the field radioactivity measurements and the uranium content of the soil and plant samples indicate anomalies in about the same areas and the use of radioactivity measurements seems most desirable.
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